INTRODUCTION
Contagious equine metritis (CEM) is a bacterial infectious disease of horses caused by Taylorella equigenitalis, a Gramnegative eubacterium. CEM is characterized by discharge of large amounts of mucopurulent fluid from the vagina, infertility or early abortion and is a sexually transmitted disease. An inflammation of the endometrium of mares often results in temporary infertility followed by uneventful recovery. However, a proportion of mares may become long-term symptomless carriers and these, together with infected stallions, may spread infection during mating (Matsuda & Moore, 2003) .
CEM is an economically and clinically important disease in bloodstock associated with breeding horses, as well as with the movement of horses globally. Although the prevalence of the disease is decreasing, careful stringent infection control procedures are still required to minimize its spread throughout the world (Matsuda & Moore, 2003) .
Taylorella equigenitalis belongs to the class Betaproteobacteria (Vandamme et al., 1998) . Since CEM was first reported in England (Crowhurst, 1977) , this disease and its causative agent have been detected in many countries and in various breeds of horses (ter Laak et al., 1989; Matsuda & Moore, 2003) .
Atypical CEM bacterial isolates were first obtained from donkey jacks (Equus asinus) in the USA, and a second species, T. asinigenitalis, was established within the genus Taylorella (Katz et al., 2000; Jang et al., 2001) . Recently, several other isolates of T. asinigenitalis have also been reported in Europe (Båverud et al., 2006; Duquesne et al., 2007) . Thus, these two representative species, namely T. equigenitalis and T. asinigenitalis, exist within the genus Taylorella (Matsuda & Moore, 2003) .
Clustered regularly interspaced short palindromic repeats (CRISPRs) are a family of highly conserved DNA sequence repeats within many prokaryotes (Jansen et al., 2002; Mojica et al., 2005) . Several conserved cas (CRISPR-associated) genes are often found adjacent to CRISPR loci (Jansen et al., 2002; Haft et al., 2005; Godde & Bickerton, 2006) , and CRISPR and cas genes were proposed to be involved in conferring immunity to the host cell against foreign DNA (Mojica et al., 2005; Makarova et al., 2006) .
No CRISPRs have been identified within genomic DNA of the T. equigenitalis MCE9 strain (Hébert et al., 2011; GenBank accession number CP002456). Recently, our research group reported the molecular identification and characterization of CRISPRs (*10 000 bp) in a Japanese T. equigenitalis strain (EQ59) (Hara et al., 2013) . In addition, with regard to T. asinigenitalis, a complete genome analysis (1 638 559 bp) of the T. asinigenitalis MCE3 strain has been carried out and published (Hébert et al., 2012 ; GenBank accession number NC 016043). CRISPRs were molecularly identified for the first time in the genomic DNA sequence of T. asinigenitalis.
Therefore, it would be worthwhile to develop a new molecular detection method(s) to clarify if other T. equigenitalis and T. asinigenitalis isolates obtained from various breeds of horses and in several countries carry CRISPRs consensus sequence repeats in their genomic DNA. Such molecular developments in our understanding of CRISPRs with these Taylorella species could serve to aid in the continued elucidation of the molecular epidemiology of this disease in horses and donkeys, thus reducing the transmission of these organisms to non-colonized animals. In addition, additional knowledge of the molecular structures and arrangements of the associated genes could help address issues of host virulence and pathogenesis in equines. Therefore, we aimed to develop a molecular detection method(s) for CRISPRs separated by non-repetitive unique spacer regions (NRUSRs) from isolates of the genus Taylorella using PCR amplification of the CRISPRs separated by NRUSRs by 'CRISPR ladder' profiling with PAGE procedures.
METHODS
Bacterial isolates, culture conditions and genomic DNA preparation. In the present study, we employed geographically disparate isolates of T. equigenitalis and T. asinigenitalis isolated from various breeds of horses, including thoroughbred and nonthoroughbred horses and donkey jacks, as shown in Table 1 . Taylorella organisms were cultured on Eugon agar supplemented with 5 % (v/v) defibrinated horse blood for 4 days under microaerophilic conditions (5 % O 2 , v/v) (CampyPak GasPak; BBL). Whole-genomic DNA was prepared from the cells using standard procedures, SDS and proteinase K treatment, phenol/chloroform extraction, and ethanol precipitation (Sambrook & Russell, 2001 ).
Design of two novel PCR primer pairs. We first designed a novel PCR primer pair, f-/r-TeCRISPR-ladder, for the amplification of the putative CRISPR consensus sequence segments separated by NRUSRs of similar length (GenBank accession number AB695254) from T. equigenitalis isolates (Fig. 1) . We then designed another PCR primer pair, f-/r-TaCRISPR-ladder, in silico, for the amplification of the putative CRISPRs separated by NRUSRs of similar length from T. asinigenitalis isolates, based on sequence information of the locus from T. asinigenitalis MCE3 (GenBank accession number NC 016043) (Fig. 2) .
For amplification of the CRISPRs separated by NRUSRs of similar length from T. equigenitalis isolates, the PCR mixture contained 15 ng whole genomic DNA and 1.0 ml 2| GoTaq (Promega) 5 ml. PCR was performed in a volume of 10 ml at 95 uC for 2.0 min, for 35 cycles at 95 uC for 30 s, 72 uC for 30 s and 72 uC for 2.5 min, and finally at 72 uC for 2.0 min.
For amplification of the CRISPRs separated by NRUSRs of similar length from T. asinigenitalis isolates, the PCR mixture contained 15 ng whole genomic DNA, 1.0 ml of 10| PCR Buffer for KOD-PlusNeo, 1.5 mM MgSO 4 , 200 mM each dNTP, 0.4 mM each primer and a total of 0.2 U KOD-Plus-Neo (Toyobo). PCR was performed in a volume of 10 ml at 94 uC for 2.0 min, for 35 cycles at 98 uC for 10 s, 60 uC for 30 s and 68 uC for 2.0 min, and finally at 68 uC for 3.0 min.
Amplified PCR products were separated using 5 % (w/v) PAGE (acrylamide/bisacrylamide, 29 : 1, w/w) in 0.5| Tris-borate-EDTA at 100 V and detected by staining with ethidium bromide.
Nucleotide sequence alignment analysis. Nucleotide sequence alignment analysis was carried out using CLUSTAL W (version 1.7) (Thompson et al., 1994) incorporated in the DNA Data Bank of Japan (www.ddbj.nig.ac.jp).
RESULTS AND DISCUSSION
We previously identified a CRISPR locus (*10 000 bp; GenBank accession number AB695254) in the Japanese T. equigenitalis EQ59 strain (Hara et al., 2013 Taylorella similar length (33-38 bp) , leader region, transposase/insertion sequence protein, leader region and cas3 (Hara et al., 2013) . The resultant schematic representation of the CRISPR gene cluster locus identified in T. equigenitalis EQ59 is shown in Fig. 1 . In addition, a similar schematic representation of the CRISPR gene cluster locus identified in T. asinigenitalis MCE3 (Hébert et al., 2012; GenBank accession number NC 016043) is illustrated in Fig. 2 . Figure S1 (available in the online Supplementary Material) shows 5 % PAGE profiles of PCR amplicons generated using the primer pair f-/r-TeCRISPR-ladder with T. equigenitalis EQ59, which was shown to carry 13 CRISPR consensus sequence repeats (each 32 bp) separated by 12 NRUSRs of similar length (33-38 bp) (Hara et al., 2013) . The CRISPRs separated by NRUSRs were numbered 1-12 (Fig. S1) . Thus, the present 5 % PAGE analysis fractionated all of the 13 CRISPRs separated by NRUSRs of similar length as 12 ladder forms from T. equigenitalis EQ59, as shown (Fig.  S1 ). Some small-sized ladders (e.g. 1-3) consisted of two doublet bands (Fig. S1 ). We then hypothesized some permutation examples of the CRISPRs separated by NRUSRs for the doublets numbered 1-3, based on nucleotide length differences, as shown in Fig. 3 .
Detection of CRISPRs in
The amplified putative CRISPRs separated by NRUSRs obtained using the newly designed PCR primer pair f-/rTeCRISPR-ladder with 17 geographically disparate T. equigenitalis isolates obtained in Japan, Finland, Switzerland, Belgium, Ireland, England, France, Australia and the USA are shown in Table 1 and Fig. S2 . Consequently, in the present PCR studies, at least 14/17 T. equigenitalis isolates (Fig. S2) , including T. equigenitalis EQ59, were shown to carry CRISPRs separated by NRUSRs within their genomic DNAs (*82.4 % positive). This value is higher than the mean ratio of CRISPRs within bacterial genomes (40 %; Barrangou & Horvath, 2009 ).
In addition, Fig. S2 demonstrates that two kinds of CRISPR ladder profiles exist, i.e. the EQ59 CRISPR type (lanes 1, 2, 6, 8-12 and 14-16) and the Kentucky 188 CRISPR type (lanes 7, 13 and 17).
Such a molecular approach as detailed above may be useful for the amplification and detection of CRISPRs in other prokaryotic organisms. The present CRISPR ladder profiling using the f-/r-TeCRISPR-ladder and PAGE procedures with T. equigenitalis isolates is the first demonstration of this.
We then attempted to amplify the putative CRISPRs separated by NRUSRs with the 14 T. asinigenitalis isolates, obtained in the USA and France. Figure S3 shows PAGE profiles of the PCR amplicons generated using the primer pair f-/r-TaCRISPR-ladder for the CRISPRs separated by NRUSRs of similar length within the CRISPR loci in the 14 T. asinigenitalis isolates. As also shown in Fig. S3 , the CRISPRs separated by NRUSRs were amplified in four of 14 T. asinigenitalis isolates using the primer pair. Three American T. asinigenitalis reference strains (UK-1, UK-2 and UCD-1 T ) were not positive for CRISPRs; however, some French T. asinigenitalis isolates were positive for CRISPRs. Thus, at least four of 14 T. asinigenitalis isolates were shown to carry the putative CRISPRs.
The occurrence of CRISPRs in the genus Taylorella is interesting for a number of reasons. CRISPR properties may be exploited microbiologically through typing and epidemiological studies, for examination of bacterium/phage relationships, for bacteriophage evolutionary studies, for avoidance of uptake of harmful nucleic acid by the bacterium and to genetically engineer more resistant genomes for harmful DNA uptake avoidance purposes. The fitness cost of the Taylorella genome investing in such elaborate genetic capability is not clear at this stage. To date, there have been no reports of any natural infecting bacteriophage or virus for this genus, which therefore focuses CRISPR functionality on harmful and unwanted foreign DNA uptake avoidance. Regardless of their primary involvement within the Taylorella genome, which, as yet, remains undetermined, their existence does allow their exploitation for other reasons of bacterial evolutionary studies, epidemiological typing studies and virulence/pathogenesis.
